Abstract. Estimation of input energy using approximate methods has been always a considerable research topic of energy based seismic design. Therefore several approaches have been proposed by many researchers to estimate the energy input to SDOF systems in the last decades. The characteristic period is the key parameter of most of these approaches and it is defined as the period at which the peak value of the input energy occurs. In this study an equation is proposed for estimating the characteristic period considering an extensive earthquake ground motion database which includes a total of 268 far-field records, two horizontal components from 134 recording stations located on firm soil sites. For this purpose statistical regression analyses are performed to develop an equation in terms of a number of structural parameters, and it is found that the developed equation yields satisfactory results comparing the characteristic periods calculated from time history analyses of SDOF systems.
INTRODUCTION
Estimation of input energy using approximate methods has been always a considerable research topic of energy based seismic design. For SDOF systems, input energy spectrum can be investigated by dividing the spectrum into two characteristic parts (Fig.1) . For the systems which have shorter periods than the period at which the peak value of spectral input energy occurs, an ascending-linear spectral shape can be assumed, while a descending-curved spectral shape can be assumed for the systems which have longer periods. Thus, the period at which the peak value of spectral input energy occurs -which is called characteristic period in the remaining part of the paper -is the key parameter in such method of approaches. It is worth to note that the characteristic period can be assumed to coincide with the predominant period of ground motion. Such an approach has also an analytical meaning since it is known that for undamped systems, equivalent input energy velocity spectrum equals to the Fourier amplitude spectrum of the ground acceleration (Eq. 1) [1, 2] . 
However, for a given ground motion, there is no unique characteristic period as it depends on the lateral strength of the system and, to a lesser extent, on the damping of the system [3] . But it is found that the change in lateral strength has not significant affect on characteristic period, thus for the approach proposed in this paper it is neglected and characteristic period is assumed as the period at which the peak value of %5 damped elastic spectral input energy occurs.
Statistical Regression
To obtain a reliable statistical evaluation of characteristic period T e , regression analyses are carried out considering 268 far-field earthquake ground acceleration records (two horizontal components from 134 recording stations located on firm soil sites) given in detail in Table 1 . The best representative equation which allows estimating T e is obtained with performing following steps:
• An exponential type formulation is adopted:
• A statistical regression is performed comparing the values of T e obtained by time history analyses of %5 damped SDOF systems with those given by the proposed formulation.
• The best coefficients minimizing the standard error are selected.
Where T 1 is the transition period between the acceleration-controlled and velocitycontrolled response spectrum and T s is the period at which the peak value of %5 damped spectral pseudo velocity occurs.
The transition period T 1 can be estimated by considering relation between idealized pseudo-velocity and pseudo-acceleration response spectra (Fig. 2) [4] . It is clear that the peak values of spectral responses do not always occur at the same period. However, the period obtained from Eq. 3 could take close values with characteristic period. Examples of the computation of the periods T 1 and T s for a ground acceleration record (Gilroy Array #1 ground acceleration record -G01230 horizontal component, Morgan Hill Earthquake, 1984) are shown in Fig. 3 . Characteristic period is computed T e =0.24s by performing time history analysis to SDOF systems while the transition period estimated by Eq. 3 is T 1 =0.16s and the period at which the peak value of spectral pseudo velocity occurs is T s =0.32s. As a result of regression analysis, Eq. 4 which estimates T e is obtained. The proportion of variance accounted for proposed equation is R 2 =0.82 and the standard error is SE=0.23. The coefficients are given in Table 2 with their standard errors and the predicted and observed values are drawn in Fig. 4 . 
Comparison with Different Approaches
Chai et al. [3] assumed that the characteristic period corresponds to the transition period T 1 , and they estimated the transition period by Eq. 5 proposed by Vidic et al. [5] . 
Where c v corresponds to the ratio of the spectral elastic response velocity to peak ground velocity in the velocity-controlled (medium) period range, and c a corresponds to the ratio of the spectral elastic response acceleration to peak ground acceleration in the acceleration-controlled (short) period range. Chai et al. [3] assumed c a and c v as 2.0 and 2.5, respectively, proposed by Chai et al. [6] . Furthermore, many researchers [3, 6, 7, 8] have estimated seismic energy by assuming that the transition period proposed by Vidic et al [5] can be considered as the characteristic period at which the peak value of input energy occurs. Thus, the proposed equation in this paper is needed to compare with the Eq. 5 proposed by Vidic et al. [5] .
Fajfar et al [9] estimated the transition period T 1 by Eq. 6 proposed by Heidebrecht: 
Miranda and Garcia [10] estimated the predominant period of ground motion using the approach proposed by Miranda [11] in which the predominant period of the ground motion is defined as the period at which the peak value of spectral velocity occurs.
In Fig. 5, Fig. 6 and Fig. 7 , the value of the transition periods calculated by Eq. 5, Eq. 6 and the T s periods proposed by Miranda are drawn for all records given in Table. 1, respectively, in comparison with the values of characteristic periods obtained from time history analyses. Standard errors for each approaches and for proposed equation in this paper is given in Table. 3. 
